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HELLESNES, I, S. F. MOHN and B. MELHUUS: Tozxoplasma
gondii in swine in south-eastern Norway. Acta vet. scand. 1978, 19,
974—587. — A total of 407 swine bred in south-eastern Norway have
been tested for the presence of Toxoplasma gondii antibodies in serum
by use of the dye-test, and d.i'ail)]hra-gm muscle from all sero-positive
and some sero-negative swine has been tested for the presence of
mouse-infective cysts.

The prevalence of antibodies was as low as 10.1 %. The prevalence
increased with the weight of the swine, but apparently with a decline
after passing a weight of 140 kg. Only dye-test titres up to 50 were
found. The prevalence of dye-test positive swine was higher in small
herds (< 300 swine p.a.) than in larger ones (> 300 swine p.a.). The
prevalence of herds with dye-test positive swine in the region sur-
rounding the Oslo-fjord was higher in the coastal than in the inland
zone. The incidence of infection was the same during the summer-
autumn period as during the winter-spring period. Toxoplasma was
recovered from the diaphragm muscle of about %3 of the dye-test posi-
tive swine. Parasites were isolated from some pigs with a dye-test
titre of 4, and from all the pigs with a titre of 50. Toxoplasma was
not isolated from dye-test negative swine. The epidemiological and
food-hygienic significance of porcine toxoplasmosis in Norway is
discussed according to the present results.

toxoplasma infection; epidemiology; food
hygiene; swine.

Porcine toxoplasmosis was first reported in USA (Farrell et
al. 1952), and Momberg-Jgrgensen (1956) gave the first descrip-
tion of Toxoplasma gondii (Toxoplasma) in swine in Scandinavia.
Both reports dealt with clinical outbreaks.

As in most domestic animals and man, Toxoplasma infection
in swine is usually subclinical. Serological surveys are therefore
useful for estimating the prevalence in a population, and for giv-
ing information on the parasite’s epidemiology. The dye-test
(Sabin & Feldman 1948) has been used most frequently in sero-
logical surveys. Several surveys of the prevalence of Toxoplasma
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antibodies in swine have been reported (for review, see Boch et
al. 1964 b), and the prevalence seems to vary considerably. Rawal
(1959) found 12 % positive (dye-test titre > 4) out of 100 swine
in Great Britain, while Boch et al. (1964 b) found 97.6 % positive
(dye-test titre >>4) among 500 swine in Germany.

After a primary infection, Toxoplasma develops cysts in dif-
ferent organs of the attacked organism. In living tissues, the
cysts can remain infective for meat-eating animals for years, and
this may be an important factor in the transmission of the para-
site. Fed to cats, cysts in tissues will consistently produce oocysts
in the cat faeces (Dubey et al. 1970).

Toxoplasma in man may give rise to various clinical mani-
festations, of which abortion and congenitally acquired infection
in the central nervous system seem to be the most important.
Both the oocysl and the cyst are possible initiators of Toxoplasma
infection in humans, but their relative significance in the epide-
miology of toxoplasmosis in humans is debated.

The demonstration of Toxoplasma cysts in pork has been re-
ported by many workers (Jacobs et al. 1960, Boch et al. 1964 b,
Work 1967 and Weisstanner 1969). However, the percentage of
cyst-positive swine among the sero-positive ones varies consider-
ably.

The aim of this investigation, which is the first on toxoplas-
mosis in swine in Norway, was to study the epidemiological and
food-hygienic significance of porcine toxoplasmosis. For this
purpose we wanted to:

A. obtain information about the prevalence of Toxoplasma anti-
bodies in swine
1. of different weight
2. from herds of different sizes
3. from different geographical zones
4. bred during both the summer-autumn and the winter-
spring periods

B. determine the prevalence of Toxoplasma cysts in the swine
diaphragm and its relation to sero-positivity.

MATERIALS AND METHODS

In the period from Sept. 1972 to Sept. 1973 a total of 407
swine slaughtered at “Fellesslakteriet” in Oslo were examined.
The swine had been bred in 115 herds.
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Part 1 comprises 194 swine. The samples were collected on 10
occasions from Sept. to Dec. 1972,

Part 2 comprises 200 swine. The samples were collected on 8
occasions from May to July 1973.

Part 3 comprises 13 swine slaughtered in Sept. 1973.

Collection of blood and muscle samples

Blood samples were collected in sterile glass tubes during
the bleeding process, while samples of the diaphragm muscle
from the corresponding animals were obtained later in the
slaughtering process.

As diaphragm muscle evidently contains cysts at least as
frequently as other striated muscles (Boch et al. 1964 a), this
muscle was chosen for parasitological testing. The muscle sam-
ples were kept in plastic bags at 4°C until the results of the sero-
logical testing were known. The storage time varied from 2 to 11
days with an average of 5 days.

Samples were collected on different week-days and at dif-
ferent times of the day. For practical reasons, however, the sam-
ples taken during 1 day were in succession.

Informalion about the swine

Information obtained about the swine was: dressed weight,
the address of the supplying farm and the total amount of swine
delivered from each farm to the slaughter-house during the year.

Swine with dressed weights from 60 to 80 kg were represented
by 299 animals delivered from 78 herds. The ages of the 60 to
80 kg swine were about 5 to 7 months. Probably, nearly all the
animals weighing > 100 kg were sows which had had 1 or more
pregnancies.

Geogruaphical grouping of the herds

The geographical grouping of the herds was done according
to the postal number of the farms’ addresses (Postdirektoratet
1972). Herds from the districts along the northern and eastern
side of the Oslo-fjord were recorded in 1 group called “coastal”,
and herds from the neighbouring, inland districts were grouped
as “inland”. The width of the coastal zone is about 12 to 25 km.
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Serological examinations of the swine

All blood samples were examined by the dye-test (Sabin &
Feldman 1948). The sera were inactivated for 30 min. at 56°C.
The titres reported are the reciprocal values of the highest serum
dilutions showing a positive reaction, i.e. = 50 % unstained,
morphologically altered trophozoites. Dilution 1:4 is the un-
diluted mixture of serum, activator and mouse exudate.

Parasitological examinations of dye-test positive swine

Samples from all dye-test positive swine in Parts 1 and 2
were examined for the presence of Toxoplasma cysts.

The diaphragm samples, trimmed for fat and fascia, weighed
from 55 to 110 g with an average weight of 101 g. Isolation of
cysts was done principally according to the peptic digestion
technique developed by Jacobs et al. (1960), as modified by
Work (1967).

The main differences between our procedure and the original
one are the use of a meat mincer (Atomixer) instead of an ordi-
nary household-type meat grinder to grind the diaphragm spe-
cimens, and the use of a weaker pepsin type, 1:2000 (Orthana
502119) instead of 1:10,000.

The sediment from the digestion procedure was resuspended
in saline to a volume of 6 ml and inoculated parenterally into
6 mice.

After at least 8 weeks the mice were killed and their brains
were examined for cysts of Toxoplasma. The brains were ground
with 1 ml saline in a mortar, and smears were prepared for
microscopic examinations at 100 X magnification. Nine drops
were examined from each brain suspension.

In Parts 2 and 3, blood samples from the mice were obtained
by heart puncture. Coagulated blood in the chest lumen was also
collected. The dye-test was performed, and titres > 10 were
regarded as positive. Subinoculations were not made, as it has
been shown by Siim (1961) that this does not lead to more posi-
tive reactions.

Mice that died spontaneously during the experiment were not
examined.

Parasitological examinations of dye-lest negative swine

Isolation of Toxoplasma was attempted on material from 30
individual dye-test negative swine from Part 2. Diaphragm
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muscles from 25 swine were divided into groups of 5, 100 g from
each specimen were thoroughly mixed after grinding, and 1/5 of
the mixture was used for the digestion procedure. Isolation of
cysts was also attempted with material from 5 single dye-test
negative swine.

The mice inoculated with material from dye-test negative
swine were only examined serologically.

Controls

For every 6 mice used for inoculation, 1 mouse was kept se-
parately as a control for possible spontaneous infection.

Climatological data

Data of the climatic conditions in south-eastern Norway were
obtained from the Norwegian Meteorological Institute (1967,
1975).

Statistics

The statistical Fisher-Irwin test for 2-by-2 tables and the
Wilcoxon 2 samples test were performed as described by Hodges
& Lehmann (1970). Significance probabilities with values lower
than 5 % (P < 0.05) were regarded as significant.

RESULTS

The results of the serological examinations of the 407 swine
are presented in Table 1. The swine are grouped according to

Table 1. Results of the serological examination of 407 swine
grouped according to carcass weight using the dye-test.

Number of animals
with dye-test titre

Carcass welght Total number < 4 >4 Percentage of dye-test
in kg of animals positive (= 4)
< 60 32 30 2 6.3
60— 80 299 279 20 6.7
80—100 31 28 3 9.7
100—120 8 4 4 50.0
120—140 17 9 8 471
140—160 12 10 2 16.7
>160 8 6 2 25.0

Total 407 366 41 101
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weight at 20 kg intervals. The bulk of the specimens, 73 %,
weighed between 60 and 80 kg.

The overall prevalence of Toxoplasma antibodies was 10.1 %
(titre > 4). There was a significant difference in the prevalence
of Toxoplasma antibodies between swine weighing < 100 kg
and those weighing > 100 kg (P < 0.0001). No other significant
difference between the groups was found. The prevalence of
Toxoplasma antibodies among swine > 140 kg was lower (16.7
to 25.0 %) than among swine weighing between 100 and 140 kg
(50.0 to 47.1 %) (P = 0.053).

As recorded in Table 2, only dye-test titres up to 50 were ob-
served, and a titre of 4 was most often encountered (51 %). Titres
> 10 were more frequent among swine weighing less than 80 kg
than among the heavier ones (P = 0.079).

Table 2. Dye-test titres in 41 positive swine grouped according
to carcass weight.

Carcass weight Number of swine with dye-test titre
in kg >4 4 10 50
< 80 22 9 (41 %) 7 (32 %) 6 (27 %)
> 80 19 12 (63 %) 5 (26 %) 2 (11 %)

41 21 (51 %) 12 (29 %) 8 (20 %)

Data concerning the 299 swine weighing between 60 and 80
kg were used when the relation of dye-test positivity to herd size
was examined. As shown in Table 3, dye-test positive swine were

Table 3. Results of the serological examination of 78 swine herds
grouped according to number of swine from each herd with carcass
weight between 60 and 80 kg, slaughtered during 1 year.

Number of swine, Number of Number of herds Average number of
60—B80 kg, herds with dye-test swine examined from

delivered during positive swine each herd

1 year

<100 34 7 (21 %) 3.0
100—200 22 5 (23 %) 3.8
200—300 10 2 (20 %) 4.9
300—400 4 0 5.8
400—500 3 0 4.0
500—600 3 0 6.3

> 600 2 0 5.5

Total . 78 14 3.8
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found in 14 (21 %) of 66 herds from which less than 300 swine
were delivered during 1 year. Toxoplasma antibodies were not
detected in serum from swine delivered from larger farms.

The prevalence of herds with dye-test positive swine (60 to
80 kg) is listed in Table 4 according to geographical location.
The prevalence of herds with dye-test positive swine was higher
in the coastal zone (30 %) than in the inland zone (13 %) (P =
0.064).

Table 4. Swine herds in south-eastern Norway grouped according
to the relation between their geographical location and the presence
of Toxoplasma antibodies in the 60—80 kg swine.

Geographical Number Number of Percentage Average Percentage of
location of herds herds with  of positive number the herds which
examined dye-test herds of swine have delivered

positive swine examined from > 300 swine

each herd  during the year

coastal 23 7 30 4.4 13

(3 herds)
inland 55 7 13 3.6 16

(9 herds)
Total 78 14 18

The 299 swine weighing from 60 to 80 kg constitute a homo-
genous group, and their age was about 5 to 7 months. Thus, the
60 to 80 kg swine in Part 1 were bred during the summer and
autumn months while the 60 to 80 kg swine in Part 2 were bred
during the winter and spring months. The prevalence of Toxo-
plasma antibodies in the 2 groups was 6.5 % and 6.9 % among
154 and 145 swine, respectively.

The results of the parasitological examinations of dye-test
positive swine are shown in Table 5. Isolation of Toxoplasma
cysts was achieved in 20 of 33 cases, i.e. 61 %. The parasite was
recovered from 39 % of the swine with a dye-test titre of 4, com-
pared with 87 % of those with higher titres (P = 0.006).

Parasitological examinations of dye-test negative swine did
not result in the detection of Toxoplasma antibodies in any of
the inoculated mice.

No evidence of Toxoplasma infection was found in the con-
trol mice,
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Table 5. Isolation of Toxoplasma from the diaphragm muscle
of dye-test positive swine.

Number of swine with

dye-test titre Total
4 10 50
Number attempted 18 10 5 33
Number of isolations 7 8 5 20
Percentage of positive 39 80 100 61

(In addition, all mice inoculated with material from 1 swine with titre
4 and 1 with a titre of 50 died between the 2nd and 6th day after
inoculation).

DISCUSSION

Toxoplasma gondii is an ubiquitous parasite, and Toxoplasma
antibodies have been reported in warm-blooded animals and man
in all parts of the world, from the tropics to the Arctic (Feldman
& Miller 1956). However, the prevalence of Toxoplasma anti-
bodies varies considerably. Serological surveys among swine also
indicate considerable geographical differences in the prevalence.
In the present survey an overall prevalence of 10.1 % dye-test
positive swine (titre > 4) was found. This is among the lowest
reported in the literature. Other surveys conducted in northern
European countries have been done by Folkers & Perié (1963)
who found 62.5 % dye-test positive swine (titre > 4) in the
Netherlands and Boch et al. (1964 b) who found 97.6 % positive
(titre > 4) in Germany, while Work (1971) detected 20.6 % posi-
tive (titre > 10) in Denmark.

There seems to be a general trend that the prevalence of Toxo-
plasma antibodies in man and animals is higher in areas with a
warm and moist climate than in colder and drier areas. The
regions where the swine in the present study were raised have
a rather cold winter climate with normal daily air temperatures
of about —5°C in January, being coldest in the inland zone. The
summer climate is temperate, and the normal daily temperature
in July is about 18 to 20°C, being highest in the coastal zone. The
annual precipitation in the region varies from 600 mm to 900
mm, but with only minor differences between coastal and inland
parts (Norwegian Meteorological Institute 1967, 1975).

Table 4 demonstrates the prevalence of herds with dye-test
positive swine in the coastal and the inland zones. The difference
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between the coastal herds (30 %) and the inland herds (13 %)
is striking (P == 0.064). Climatic factors may perhaps explain
this difference.

In their survey with the Toxoplasma skin test among 3000
Norwegian naval recruits, Vaage & Miditvedt (1975) also found
marked geographical differences. A low prevalence was found in
the cold and dry south-eastern inland region and in the cold
northern region (13.6 and 9.5 %, respectively) and a higher pre-
valence in the other regions (34.7 and 21.5 %).

A significant positive correlation between the weight of the
swine carcass and the positive dye-test titre is shown in Table 1.
This is in accordance with the results of Work (1971) in his
work on swine in Denmark. He found 23 % dye-test positive 6
month old swine and 50 % positive among 3—4 year old swine.
(The swine groups correspond to our groups 60 to 80 kg and
> 140 kg, respectively). Suzuki et al. (1961) reported a similar
relationship in swine in Japan. In the present study a consider-
able difference in the prevalence between slaughter-pigs (< 100
kg) and young sows (100 to 140 kg) was found (Table 1). Whe-
ther this is a normal situation or the young sows had experienced
an epidemic is not known, and a closer study may be worth-while.

In this study, the swine weighing > 140 kg had a lower pre-
valence of Toxoplasma antibodies than the swine weighing be-
tween 100 and 140 kg. If there is a positive correlation between
weight and age of the swine weighing > 100 kg, the decreasing
prevalence may be due to either an epidemiologic cohort effect
or to a combined result of a cohort effect and the fact that the
Toxoplasma antibodies are present only for a limited period after
an infection. In this connection, changing of the animal’s resist-
ance to infection should be considered. Beverley (1974) claimed
that swine may become serologically negative if some time elapses
after an initial infection with Toxoplasma. He did not, however,
discuss the possible serological effects of a reinfection. If the
Toxoplasma antibodies in swine are short-lived, it may also ex-
plain the higher prevalence of titres > 10 among swine < 80 kg
than among swine > 80 kg as shown in Table 2.

In the present survey, only dye-test titres << 50 have been
found, and half of the sero-positive swine had dye-test titres of 4.
Dye-test titres up to 250 have been shown to correspond to the
serological response to a primary infection with a small amount,
from 4 to 150, of sporulated Toxoplasma oocysts (Durfee et al.
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1974). In the report of Work (1971) a dye-test titre of 250 is
given as the highest titre, and it was found in 1.1 % of the 528
swine. Taking into account the higher prevalence in Denmark,
the differences between the distribution of positive sera in the 2
surveys are negligible. The distribution of positive titres in the
study of Boch et al. (1964 b), however, shows a somewhat dif-
ferent pattern. Only 2.4 % had titres < 4, 34 of the sera (73.6 %)
had titres from 16 to 256, and 12.2 % had even higher titres. The
chance of reinfection must be considerable when nearly all the
individuals in the population seem to have contracted the dis-
ease, and the high titres may be an effect of reinfection with the
parasite. Actually, in their work with artificial Toxoplasma in-
fection in pigs, Boch et al. (1964 a), by reinfecting 18 pigs with
Toxoplasma cysts, got a serological response parallelling the dye-
test titres in their own survey among pigs in Germany.

As demonstrated in Table 3, Toxoplasma antibodies were not
detected in swine from large herds (> 300 delivered swine per
year), while the prevalence in smaller herds was about 20 %. No
information about the farms and their management that may
explain this difference was obtained. It should be noted, however,
that larger farms usually have rationalized management and
modern buildings and equipment. The swine and their feed are
kept separated from other farm animals. This is important since
the tendency of cats to defecate in the grain bins may be an
actual way of transferring the parasite to swine. As far as sheep
are concerned, this mode of transmission has been given atten-
tion by Penkert (1973) and Plant et al. (1974).

The presence of cats in an area seems to be of importance for
the prevalence of Toxoplasma in both man and animals (Wallace
1969, Munday 1972, Waldeland 1977). Furthermore, Munday
(1975) is of the opinion that not only the presence of cats, but
also the density of the cat population may be of importance for
Toxoplasma prevalence in a region. We have no data on the cat
density in south-eastern Norway, but the coastal part of the
region is the most populated in Norway with respect to humans.
The inland region is more sparsely populated, and the distribu-
tion of the human population may be reflected in the cat density.

As the 60 to 80 kg swine in Part 1 and Part 2 were bred dur-
ing different times of the year, seasonal variations in the in-
cidence of Toxoplasma infections in swine could be revealed.
This was not observed in the present work.



584 I. Hellesnes et al.

The results of the parasitological examinations given in Table
5 show that Toxoplasma was recovered from the diaphragms of
20 of 33 dye-test positive swine, i.e. 61 %. This is somewhat in
contrast to the results of Boch et al. (1964 b) and Work (1967)
who isolated Toxoplasma from 9 % of 488 swine (titre>4) and
34 % of 29 swine (titre >>10), respectively. These inconsistencies
may be explained by our use of a more effective homogenizer
and a more lenient digestion fluid than is prescribed in the ori-
ginal method by Jacobs et al. (1960). These changes may have
given a better uncovering of present tissue cysts and a higher
degree of survival of infective parasites during the digestion.
This assumption is supported by the findings of Catdr et al.
(1969), who recovered the parasite from all of 13 swine dia-
phragms minced with a homogenizer.

In the present work, Toxoplasma cysts were isolated from
swine with a dye-test titre of 4. This confirms the findings by
Boch et al. (1964 b) and Catdr et al. While the parasite was re-
covered from only 39 % of the swine with a titre of 4, it was iso-
lated from 80 % of the swine with a titre of 10 and from all the
swine with a titre of 50. This emphasizes the value of the dye-
test as a diagnostic tool in work with porcine toxoplasmosis.

Toxoplasma strains virulent in mice have not been isolated in
this work. However, 2 of the groups of mice died, but were not
examined further. It is possible that these mice were inoculated
with mouse-virulent Toxoplasma strains, which have been re-
ported from similar studies on swine (Kalsube et al. 1975).

The fact that the parasite was not recovered from dye-test
negative swine, indicates that sero-negative swine seldom have
latent infections, although Beverley (personal communication
1975) has isolated Toxoplasma from 2 pigs with a dye-test titre
<4.

This investigation has shown that Toxoplasma may be iso-
lated from about 24 of the dye-test positive swine in south-
eastern Norway. Therefore, the feeding of meat-eating animals
with unprepared meat or offal from swine should not be prac-
tised in order to avoid transmission of the parasite. Attention
should be especially focussed on the feeding of cats, since this
animal may shed Toxoplasma oocysts in the faeces after an in-
fection.

The concumption of raw pork by humans may be a possible
mode of transmitting toxoplasmosis to humans. Unprepared pork
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is seldom eaten in Norway, and this way of contracting the dis-
ease, is, therefore, not likely to happen in this country.
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SAMMENDRAG

Toxoplasma gondii hos svin i sgrgsire deler av Norge.
Til sammen 407 svin slaktet ved Fellesslakteriet, Oslo, er testet
for forekomst av Toxoplasma gondii antistoffer i serum ved bruk av
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dye-testen. Diafragma fra alle sero-positive og noen sero-negative svin
er testet for forekomst av muse-infektive cyster.

Prevalensen av antistoffer var 10,1 %. Prevalensen steg med gken-
de slaktevekt, men med en nedgang for svin over 140 kg. Bare dye-
test titere opp til 50 ble pavist. Prevalensen av dye-test positive svin
var hgyere i smé besetninger (< 300 svin pr. ar) enn i stgrre (> 300
svin pr. ar). Prevalensen av besetninger med dye-test positive svin var
hgyere i omradet ved Oslofjorden enn lenger inne i landet. Insidensen
av infeksjon med Toxoplasma gondii var den samme i sommer- og
hgstménedene som i vinter- og virméinedene. Toxoplasma ble pévist i
diafragmamuskulatur fra omkring to tredjedeler av de sero-positive
svinene. Parasitter ble isolert fra noen svin med titer 4 og fra alle med
titer 50. Toxoplasma ble ikke isolert fra sero-negative svin. Den epide-
miologiske og neringsmiddelhygieniske betydning av toxoplasmose
hos svin i Norge er diskutert med bakgrunn i de foreliggende resul-
tatene.
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